A study was made of the alcoholysis of cotton linters using methanol, n-butanol, n-hexanol, and n -octanol acidified with hydrogen chloride. All traces of water could not be removed from this system, and further water was formed during the degradations by a reaction between the alcohol and the hydrogen chloride. The linters were degraded in all of the alcohols studied. The amount of linters solubilized during the degradations tended to increase as the molecular weight of the alcohol used increased. It appeared that, in the study made, the cellulose was being degraded by hydrolysis caused by the traces of water present. The acidified alcohols combined with the reducing groups formed to give a degraded cellulose with a low reducing value. The residual reducing power was lowest when methanol was used.
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I'1 MEASURE of the availability of portions of cellulose to other molecules is defined as the accessibility of cellulose. Previous workers have shown evidence that the accessibility of cellulose in heterogeneous reaction is partly a function of the size of the molecules penetrating the cellulose. Reactions Davis, Barry, Peterson, and King [5] found that methyl, ethyl, and propylamine would swell cellulose directly. Only after preswelling with either liquid ammonia or ethylamine could straight-chain amines as large as heptylamine swell cellulose.
Molecular-Size Effects in Heterogeneous
Assaf, Haas, and Purves [1] studied the variation of the accessible portion of cellulose with the molecular weight of the solvent used to carry a reacting molecule into the cellulose. Thallous ethylate, the reacting molecule, formed a thallium alcoholate compound with the accessible cellulose. The alcoholate was then decomposed with methyl iodide replacing the thallium atom with a methoxyl group, and the methoxyl content of the cellulose gave a measure of the accessibility of the cellulose to the solvent used. Complete methylation (45.59% ) was considered to represent complete accessibility. The results were plotted as the percentage of methoxyl introduced vs. the molecular volume of the solvent (molecular weight divided by density). An alkali-swollen cotton sample was about 7% accessible to ethyl ether and only about 2% accessible to amyl ether. The same sample was about 5 % accessible to ethanol and only about 1 /o accessible to n-heptanol. The curves for ethers and alcohols extrapolated to the same value of methoxyl content at zero molecular volume. Walseth [19] found that enzyme-catalyzed hydrolysis was characterized by a smaller drop in the average D.P. of the residue compared to an acidcatalyzed hydrolysis of the same cellulose. Walseth believed that enzyme hydrolysis attacked only a small portion of the noncrystalline cellulose but broke the portion attacked into soluble fragments. He contrasted this behavior to that in acid-catalyzed hydrolysis in which the hydrolysis proceeded throughout the entire noncrystalline region, producing insoluble low molecular-weight fragments. Blum and Stahl [ 3 ] , using a different enzyme, also found that the average D.P. of the residue was lowered only slightly in enzyme-catalyzed hydrolysis. The molecular weights of the enzymes used in both studies were unknown. Enzymes are protein molecules of considerable size, however, and it appears that much of the cellulose was inaccessible to such a large molecule [ 19] .
Hartler and Samuelson [8] studied the hydrolysis of wood cellulose using sulfuric acid and lignosulfonic acid as the catalysts. Degradation of the cellulose, measured by the viscosity of the residues, was more rapid when using sulfuric acid than when ligno-sulfonic acid was used. At the same degree of degradation, the losses were lower when sulfuric acid was used as the catalyst. The authors suggested that during the early stages of the degradation the larger molecular size of the lignosulfonic acid catalyst caused the differences observed.
Weaver, Mackenzie, and Shirley [21] studied the alkylation of cellulose using the straight-chain esters of p-toluenesulfonic acid. Under similar reaction conditions, almost complete methoxylation could be obtained in 2 hr while only partial ethoxylation could be attained in 7 hr. A slight reaction occurred with the propyl ethyl ester after 15 hr. No reaction occurred with any of the higher esters. The differences in the rates of reaction were attributed to differences in reactivities of the various esters. On the other hand, the decrease in the maximum amount of alkylation attained as the size of the alkyl group increased indicated a partial influence of molecular size on the course of the reaction.
An estimate of the accessibility of cellulose to molecules other than those discussed in this review was made by the present writer by comparing the size of spaces measured within the cellulose to the sizes of the molecules discussed in the reviews. The spaces within and around the cellulose microfibrils have been measured by depositing colloidal gold and silver within the spaces. Frey-Wyssling [6] , using X-rays, determined the size of the gold and silver particles to be 50 to 135 A long and about 10 A wide. He stated that two capillary systems were present: those within the microfibrils and around the micelles (about 10 A wide) and those between the microfibrils (about 100 A wide). Using X-rays, Wardrop [20] found the particle size of precipitated gold to be 73 to 122 A. The sizes of the molecules mentioned in this review. were determined by the present writer using Fisher-Hirschfeld-Taylor atomic models and are given in Table I . The sizes used in these models are the collision diameters of the molecules at low velocities.
If only collision diameters are considered, then any capillary (about 100 A wide) between the microfibrils should be accessible to the molecules listed in Table I . The spaces (about 10 A wide) within the microfibrils are of the same order of magnitude as n-butanol, n-butylamine, and diethyl ether. The relation between size and experimentally determined accessibility is good for n-butanol (see Assaf, Haas, and Purves ( 1 ] ) and butylamine (see Davis, Barry, Peterson, and King [ 5 ] ) . Cellulose is apparently more accessible to ethyl ether [1] ] than it should be, judging from the molecular size. This may be a result of differences in the functional groups in these compounds.
Alcoholysis
A promising approach for studying the variation of accessibility appeared to be that of alcoholytic degradation. Alcoholysis was considered to be an acid-catalyzed reaction in which the 1-4 links in the cellulose molecule were split by the alcohol. If such a mechanism were correct, then alcoholysis using a series of homologous alcohols could be used to determine the variation of the accessibility of the cellulose with the size of the alcohols. The reactions would be carried out in as nearly anhydrous a medium as feasible to minimize hydrolytic side reactions.
Reeves and coworkers studied the heterogeneous alcoholysis of cellulose in some detail. In 1946, Reeves, Schwartz, and Giddens [9] studied the heterogeneous degradation of cellulose at 20°C, using 0.5 N hydrogen chloride in methanol, ethanol, water, and 10% water in methanol. The authors stated that, under the same conditions of temperature and acid concentration, methanolysis and ethanolysis degraded cellulose much more rapidly than did hydrolysis. The addition of water to methanol decreased the rate of degradation markedly. They stated that methanolyzed cellulose differs from hydrolyzed cellulose in being nonreducing, as indicated by the copper number determination, in stability to hot aqueous alkali, and in containing acid-labile alcohol residues. They found under more severe TABLE 1. Molecular Sizes Using Fisher-Hirschfeld-Taylor Atomic Models conditions that the same limiting fluidity would be reached in both methanolysis and hydrolysis. The methanolyzed samples had higher methoxyl contents (0.58% for a methanolyzed native cellulose compared to a normal value of 0.25% before methanolysis) which could be decreased by refluxing for 24 hr in 0.5 N hydrochloric acid. The authors believed that the glucose-glucose links in the original cellulose were split by the acid-catalyzed alcohol with the simultaneous introduction of an alcohol residue on the cellulose molecule. Reeves [13] in a patent reported the alcoholysis of cotton with several other alcohols at -120'C. The results are listed in Table II . In every instance the residue was discolored. He also stated that either sulfuric or ptoluenesulfonic acid could be used as the catalyst.
The recommended upper limit of catalyst concentration was 2 normal. Mehta and Pacsu [10] and Pacsu [12] studied the heterogeneous methanolysis of cotton and rayon at 0°C, using 9.42 N hydrogen chloride as a catalyst. The results were similar to those found by Reeves and coworkers. The limiting D.P. for the cotton was found to be 250. Blair [2] studied the alcoholysis of several cotton samples using 2-methoxyethanol and p-toluenesulfonic acid. The temperature range covered 90 to 110° C and the concentration of catalyst varied from 0.15 to 1.0 N.
In 1954, Sharkov, Korol'kov, and Krupnova [ 16] in a Russian journal reported the methanolysis and ethanolysis of cotton using sulfuric acid as the catalyst. The rate of degradation was found to increase with an increase in the alcohol concentration in the acid-alcohol-water system, the addition of a nonpolar Higher Alcohols solvent to the solvent system, and an increase in the available surface of the cellulose. An important statement was made in the abstract: &dquo;The nature of cleavage is analogous to that observed in hydrolysis.&dquo;
Materials Cotton Linters
The linters used in this work were bulk cotton linters of D.P. 1200 obtained from the Buckeye Cotton Oil Company. The linters were air dry and were rewet by soaking for 48 hr. The linters were slurried in small batches, centrifuged, and disintegrated in the pulp disintegrator. After disintegration, the pulp was thoroughly mixed, placed in several polyethylene bags, and stored at 5-10°C. The average oven-dry solids content was 46.6%. Extractable material, ash, copper number, and intrinsic viscosity were determined on linter samples dehydrated by washing with methanol, acetone, and ether, followed by air drying. The values are given in Table III .
Organic Liquids
The organic solvents used in the degradation studies were obtained commercially. All reagents were purified by distillation no more than 10 days before using. The methanol and n-butanol were distilled at atmospheric pressure using a jacketed Widmer column. The ~c-octanol was distilled at a total pressure of 90 mm mercury in a Vigreux column. The impure n-hexanol was refluxed for 24 hr with sodium methoxide in an excess of methanol and then distilled at a total pressure of 50 mm mercury.
After distillation, the alcohols were stored over sodium sulfate until used. The tetrahydrofuran was refluxed over sodium for 24 hr and then distilled The distilled product was stored over sodium.
All acidified organic reagents were prepared by bubbling dry hydrogen chloride through approximately 200 ml of the liquid until the desired concentration of acid was exceeded. The acidified reagent was then diluted to the volume needed; the acid concentration was measured; and a final adjustment of the acidity was made.
'Standard Experimental Methods Water Determination by Karl Fisher Reagent
All Karl Fisher determinations were carried out following the general procedure proposed by Mc-Kinney and Hall [9] . In this method, an excess of Karl Fisher reagent is added to the unknown and then back-titrated with standard water in methanol.
The end point is determined electrometrically, using the dead-stop method. In most cases, it was necessary to dilute liquid samples in a known amount of methanol in order to obtain satisfactory end points. Fiber samples were tested using the method proposed by Mitchell [ 11 ] , in which the unknown is added to methanol, allowed to stand 1 hr, and then titrated in the standard manner with the fibers still present.
Acidity
The acidity of the alcohols after the introduction of hydrogen chloride was determined by adding an aliquot of the alcohol to water and titrating with base using phenolphthalein as an indicator. All the end points were sharp and easily observed.
Viscosity
The viscosities of all samples were determined at 30°C in cupriethylenediamine solution, following the general procedure outlined by Wetzel, Elliot, and Martin [22] . The intrinsic viscosity of each sample was determined from measurements of the viscosity at four different concentrations.
All samples were dissolved under prepurified nitrogen in the following manner: (a) Air-dry cellulose was weighted by difference into 60-ml serum bottles; (b) an estimate was made of the volume of liquid necessary to give the final concentration needed (0.05 to 0.25 g/100 cc) ; (c) distilled water equal to one-half of the amount of liquid calculated was added and the serum bottle stoppered with a selfsealing stopper; (d) the air present in the sample was removed by alternately evacuating and filling the bottle with prepurified nitrogen, using the apparatus described by Browning, Sell, and Abel [4] ; (e) after the air was flushed from the bottle 1.0 M cupriethylenediamine was added to give a final solution which was 0.5 M in copper; (f) the sealed bottles were shaken for 1 hr and then placed in the constant temperature bath for at least 1 hr before a sample was removed by hypodermic syringe; and (g) the viscosity was determined at 30°C in Ostwald-Fenske-Cannon pipettes.
Copper Number
Copper numbers were determined on air-dry samples, using a modification of TAPPI Method T 215 m-50. The sample size was reduced to about 0.4 g. The normality of the potassium permanganate solution was also decreased to 0.02 N to improve the sensitivity of the titration. A permanganate solution of this strength is not stable for long periods so a solution was made daily by diluting 0.1 N stock solution. The diluted solution was standardized against sodium oxalate. It was found that the reproducibility of duplicate samples was improved by titrating to a definite color and then correcting for the excess permanganate solution required by titrating an equal volume of distilled water to the same color.
Total Reducing Sugars
Total reducing sugars were determined by the Somogyi method [17] . The determination was standardized against known concentrations of Dglucose. All values of sugar concentrations were determined on solutions that were 0.5 M in sodium chloride. When determining very low sugar concentrations both the blanks and the standard sugar solutions were also made 0.5 M in sodium chloride to correct for a small change in rate caused by the presence of the salt.
Oven-Dry Solids
The solids contents of all samples were determined by vacuum-oven drying at 80 ° C. The temperature was increased over the 40°C often used in order to assist in the removal of the higher boiling alcohols.
Under these conditions, samples were dried to constant weight within 4-5 hr.
Russell, Maass, and Campbell [ 15 J found that as much as 2% of methanol and other alcohols were retained by cellulose on drying alcohol-wet cellulose samples, even at 100° C, under vacuum. All of the samples collected in this work were dried by washing successively with methanol, acetone, and ethyl ether, and then removing the ether by drawing air through the sample. This procedure is hereafter called &dquo;solvent drying.&dquo; The possibility of high solids contents occurring from the entrapment of solvents was tested by determining the solids content of moist linters in two ways: (a) solvent drying followed by vacuum drying at 80°C and (b) vacuumoven drying at 80°C. The results were 55.6% for solvent drying plus oven drying and 56.3 % for vacuum-oven drying. It does not appear that there is any inclusion of organic liquids in cotton samples air-dried from ether.
Experimental Results and Discussion Preliminary Experiments
One source of water during alcoholysis was the water present on the cellulose. Therefore, the linters were dehydrated as thoroughly as possible before the addition of the alcohol. Direct drying of waterwet cellulose was not used since it was shown by Grotjahn and Hess [7J and Staudinger and D6hle [18] that drying from water decreased the internal surface and the reactivity of cellulose toward organic liquids. In addition, trials using dry fibers indicated that air-dried cellulose was not easily wet by the higher alcohols. The linters were dehydrated by extracting the water with methanol, followed by further extractions with the alcohol to be used. Attempts were made to remove additional water from the linters using azeotropic vacuum distillation and low temperature sublimation. The linters used were dehydrated, using solvent replacement, prior to the additional treatment. Table IV compares the amount of residual water on linters dried by the several methods used. There does not appear to be any advantage gained by additional treatments after solvent replacement. Another possible source of water during alcoholysis is the formation of water from a reaction between the alcohol and hydrogen chloride. Therefore, changes in the water content for methanol, n-butanol, n-hexanol, and n-octanol acidified with dry hydrogen chloride were measured. The initial acidity was about 0.5 N and the temperature was held at 30°C in a constant-temperature water bath.
The results are given in Figure 1 . Only methanol showed a marked reaction. The other alcohols appeared to be approaching an equilibrium water content.
The degradations made in alcohols used a catalyst concentration of only 0.05 N in hydrogen chloride, and an estimate of the amount of water formed by the reaction of alcohols and hydrogen chloride was made from the data obtained at an acidity of 0.5 N by assuming that the main reaction was: ROH + HCI = RCI + H,O. The results are given in Table V .
In addition to the two sources of water discussed above, water may enter the system with the alcohols.
In the process of purifying the alcohols, the water content was lowered to values which were 50% or- alcohols.
An estimate of the relative importance of the water in the alcohol-cellulose system may be made if it is assumed that an anhydrous alcohol-cellulose system is one in which there is not enough water present to allow for hydrolysis of the cellulose. Based on the weight of cellulose, only 0.033 % of water would be necessary to degrade a cellulose sample having a number average D.P. of 800 to a D.P. of 200. If there are 15 g of linters dispersed in 850 ml of alcohol, this amount of water would represent a concentration in the liquid phase of about 0.006 mg/ml. This value is about one-thousandth of the equilibrium water concentration of any of the higher alcohols. Depending on the rapidity at which the water is formed by the alcohol and acid, this low value would be increased. It does not seem possible, therefore, that anhydrous conditions can be maintained in alcohols acidified with hydrogen chloride.
Acid Degradation of Cotton Linters
All degradations were made at 30 ± 0.2°C in a constant-temperature bath. All the studies made on large samples of linters were carried out in 2-1 roundbottomed flasks fitted with a glass stirrer running through a mercury seal. The studies made on small samples were carried out in 500-ml round-bottomed flasks fitted with ground-glass stoppers. Fiber samples taken during the experiments were treated so as to insure that the insoluble material recovered did not contain short-chain fragments soluble in water or methanol but insoluble in a higher alcohol. Two procedures were followed. Hydrolyzed samples were filtered, using suction, washed with distilled water until the filtrate was neutral, and solvent dried. Samples of linters degraded in organic liquids received the following treatment: (a) The filtered linters were redispersed in methanol and the residual acidity neutralized, using sodium hydroxide; (b) additional water was added to methanol to give a final ratio of methanol to water of 5 to 1 ; and (c) after 24 hr, the sample was again filtered, and solvent dried. Properties of Acid-Degraded Linters Figure 2 shows the variation of the intrinsic viscosities of the degraded linters with time. Degradation of cotton linters occurred in all the acidified liquids used. The rate of degradation in acidified nonaqueous liquids was much greater than the rate of degradation in aqueous acid of the same concentration. The rate of degradation in 2.0 N hydro- chloric acid was about as rapid as the rate of degradation by 0.05 N hydrogen chloride in methanol. A rough estimate of the initial rates of degradation in liquids acidified with 0.05 N hydrogen chloride was made by comparing the viscosity changes during the first 10 hr of reaction. The values are given in Table VI . The changes, beginning with the smallest, ranked water, methanol, butanol, hexanol, octanol, and tetrahydrofuran. Within the limits of experimental error, there was no difference in the leveling-off viscosity found for 2.0 N hydrolysis and any of the nonaqueous liquids used. Figure 3 shows the variation of the copper number of the degraded linters with the time of treatment. The results found for hydrolysis are normal and show only differences caused by the different acidities used. The values found for degradation in tetrahydrofuran (Study T-1 ) are similar to those found for hydrolysis except for somewhat lower values at corresponding degrees of degradation. In all degradations carried out in alcoholic media, there was an initial increase in copper number of the residues during the first 24 hr. After this time, the reducing power of the residue either decreased or leveled off and tended to approach a steady value after extended degradation. The steady values found from Figure 3 at 300 hr for the four alcohols were methanol, 0.3; butanol, 0.5; hexanol, 1.2; and octanol, 1.1. The comparative value found by extrapolation for 2.0 N hydrolysis was 5.7.
Loss-time curves were calculated from (a) the initial weight of linters added and the samples recovered, (b) the volume of all liquids added or removed, (c) the volume of all methanol-water extractions, and (d) the concentration of soluble carbohydrates in all liquid samples. Figure 4 shows the percentage loss as a function of the time of treatment. Reproducibility between duplicate curves was poor but the losses found represent only very small quantities. It may be that experiments in which the losses were greater would show better agreement.
The data for soluble cellulose for Study B-1 were very scattered, and duplicate determinations diff ered by several hundred per cent. It is believed that the scatter was caused by the very small liquor samples (20 to 40 ml) taken in this experiment, as later experiments in which the volumes of liquor taken were about 100 ml showed good agreement. The curve for Study B-1 was not included in Figure 4 for this reason.
The soluble losses were under 1.2% for all of the studies except degradation in tetrahydrofuran. The comparative values at 288 hr are given in Table VI . At constant acidities, degradations in nonaqueous media showed higher losses than did degradations made in aqueous acid. The losses for degradation in methanol were lower than the losses for degradations made in other alcohols. Losses in acidified tetrahydrofuran were much higher.
Changes in the Acidity of the Liquid Phase
Mixing cellulose and acidified liquids produced a decrease in the amount of acid titratable in the liquid phase. Mixing changes were measured by determining the acidity of the liquids just before adding them to the cellulose and by determining the acidity of the liquid phase within i-hr of mixing. A summary of the apparent sorption of acid by the cellulose for all degradations, using 0.05 N hydrogen chloride, is given in Table VI . Water, methanol, and butanol produced the smallest sorption while the sorption in hexanol and octanol was over twice as high. The amount of acid sorbed from tetrahydrofuran was much higher than from any other liquid acidified with 0.05 N hydrogen chloride.
Discussion
Alcoholysis has been stated by Reeves and coworkers [13, 14] to be an unique reaction in which the cellulose molecule is split by acid-catalyzed alcohol with the formation of a nonreducing alkyl glycoside. The work of Assaf, Haas, and Purves [1] ] indicated that cellulose was almost inaccessible to alcohols larger than butanol. If the mechanism suggested by Reeves occurred in degrading cellulose with acidified alcohols, the differences in the reaction with homologous alcohols should be noted as the molecular weight of the alcohols increased. An increase in the molecular weight of the alcohol should lead to a decrease in the amount of the cellulose solubilized because a smaller portion of the cellulose would be attacked. The viscosity of the residue should be higher because more of the long chains originally present in the cellulose would not be accessible to the larger alcohols.
Cotton linters were degraded in this study with four acidified alcohols: methanol, n-butanol, nhexanol, and n-octanol. The same leveling-off viscosity was found for all four alcohols. The amount of cellulose solubilized during the degradations was smallest for degradations made in methanol and larger for the other alcohols. Under the mechanism of alcoholysis suggested by Reeves and coworkers, the copper numbers of the residues should decrease slightly during the degradation. This behavior was not observed.
The data which have been presented in this work do not fit the mechanism of alcoholysis in three points. There was no difference in the leveling-off viscosity when different alcohols were used. There was no decrease in the amount of cellulose solubilized as the molecular weight of the alcohol used increased.
Finally, changes in the copper numbers of the residues did not indicate that nonreducing groups were formed in one reaction. It does not seem possible, therefore, that alcoholysis occurs in the system studied here.
A new explanation can be suggested. The system in question must of necessity contain traces of water. In such a system, the 1-4 links are split by acidcatalyzed hydrolysis. The reducing groups formed by the hydrolysis then react with the acidified alcohol to form nonreducing groups, probably glycosides. In addition, in such a two-phase system containing acid, the concentration of acid at the cellulose-liquid interface is increased by a sorption of acid by the cellulose. The amount of sorption is dependent on the nature of the liquid phase.
This proposed mechanism agrees with the results of this work in the following points. The same leveling-off viscosity would be reached in every alcohol because the cellulose was actually degraded by hydrolysis. The amounts of cellulose solubilized during the degradation would not decrease as the molecular weight of the alcohols increased but would depend on other factors, which will be discussed later. Finally, the formation of nonreducing groups involves two simultaneous reactions. The increase in the copper number followed by a decrease or leveling off is also typical of two simultaneous reactions. Further, the very slight increase observed when methanol was used indicates that in this case the second reaction was faster than when other alcohols were used. This behavior also agrees with the slightly greater reactivity of methanol compared to the higher alcohols.
The hypothesis developed can be extended to cover the degradation of cellulose by acidified tetrahydrofuran. In this case, the degradation of cellulose proceeded by hydrolysis, but the reducing groups formed were not converted to nonreducing groups in a second reaction. The slight difference &dquo;between the reducing power of hydrolyzed linters and linters degraded in tetrahydrofuran at similar degrees of degradation was possibly caused by a secondary oxidation of some of the aldehyde groups. Support for the hypothesis that increased rates of degradation in nonaqueous media are caused by a preferential sorption of acid by the cellulose is of a general nature. In this work the degradation medium was a two-phase system consisting of cellulose plus sorbed water and acid as the solid phase and the nonaqueous liquid containing water and acid as the liquid phase. In this system there will be a partition between the cellulose and the liquid for the available acid. Cellulose, with three hydroxyl groups on each glucose unit, will be favored in this partition as the polarity of the liquid decreases. The concentration of acid at the interface of the twophase system will thus depend on the polarity of the liquid. As the acidity increases at the interface, the rate of degradation should increase. The increase would be noted by a more rapid decrease in the viscosity of the residue and in greater soluble losses.
In Table VI the liquids studied are listed in order of decreasing polarity. The viscosity changes agreed in every case with the hypothesis, increasing as the polarity of the liquid decreased. The determination of soluble losses was not as accurate as that of viscosity change. However, losses were least for 0.05 N hydrolysis, somewhat higher for acidified methanol, higher for the other three alcohols, and very high for acidified tetrahydrofuran. The values for the sorption of acid by cellulose from the various liquids agreed only partially with the hypothesis. The values measured were very small, however, and the technique used had not been developed to measure such small changes. Cellulose in water, methanol, and butanol showed much smaller sorption values than did cellulose in the other alcohols. Again, the value for sorption from tetrahydrofuran was much higher. These results cannot be said to give definite proof of the hypothesis that increased rates of degradation in nonaqueous media are caused by increased sorption of acid from the liquid. It is believed, however, that there is fair evidence of such a phenomenon.
Alcoholysis of cellulose might still occur if a truly anhydrous system could be maintained throughout the degradation. Such a system seems very difficult, if not impossible, to achieve.
Summary and Conclusions
Techniques were developed for the preparation of alcohols and cellulose samples containing minimum quantities of water. It was not possible to pre-pare anhydrous materials, nor was it possible to maintain water contents below 0.2 % in alcohols acidified with hydrogen chloride. The alcoholysis of cellulose was studied by degrading cotton linters at 30°C with methanol, nbutanol, n-hexanol, and n-octanol, using 0.05 N hydrogen chloride as the catalyst. Comparative degradation studies were made using 0.05 N and 2.0 N aqueous hydrochloric acid and tetrahydrofuran acidified with 0.05 N hydrogen chloride.
It was found that degradation in acidified organic liquids produced the same leveling-off viscosities, although the change in viscosity during the first 10 hr was greater as the molecular weight of the alcohol used increased. The soluble losses were greater for those degradations made in organic liquids. The reducing values of the residues of linters degraded in alcohol showed an increase during the early stages of degradation and then leveled off or decreased.
This behavior was in direct contrast to that for hydrolysis, in which the reducing value of the residue increased steadily. The reducing value of the highly degraded residues from the studies made in alcohols were related to the alcohol used. The smaller alcohols gave residues with lower reducing values.
It is believed that alcoholysis as a distinct reaction did not exist under the conditions used in this study. There was no evidence that the accessibility of the cellulose to alcoholysis was a function of the molecular weight of the alcohol. Further, the initial increases in reducing power of the residues argues against such a mechanism.
It is suggested that degradations of cellulose in acidified alcoholic media are actually initiated by traces of water present in the system and that nonreducing cellulose is formed by condensation of the alcohol with the reducing groups formed on hydrolysis of the 1-4 links. It is suggested that the accelerated rates of degradation found in organic liquids are caused by a sorption of acid from the nonaqueous phase by the cellulose so that the effective acidity at the cellulose-liquid interface is much higher than that measured in the liquid phase.
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